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RESEARCE MEMORANDUM

EXPERTMENTAT, AND THEORETICAL STUDY OF THE EFFECTS OF
BODY SIZE ON THE AERODYNAMIC CHARACTERISTICS OF
AN ASPECT RATIO 3.0 WIRG~BODY COMBINATION

By Edward J. Hopkins and Bubert C. Carel
SUMMARY

Measurements were made at a Mach number of 0.25 of the aerodynamic
characteristlics of a wing having an aspect ratio of 3 combined sepa—
rately with each of three geocmetrically simllar bodies of revolution,
differing only in size, having a finemegs ratio of 12.5. The ratios of
body diameter to wing span were 0.196, 0.259, and 0.343. The experi—
mental forces and piltching moments are compared with predicted values for
the wing, for each of the bodies, for the wing in the presence of each of
the bodies, and for the wing-body combinations. Some experimental and
calculated results for the wing mounted on a flat-slded body are also
included.

Good agreement between the experimental and calculated results was
obtained by including the velocities induced by the wing on the body and
by the body on the wing in theoretical calculations of the forces and
moments on wing-body combinations incorporating relatively large ratlos
of body dlameter to wing span.

INTRODUCTION

The problem of mutual Interference between a wing and a body has
long been of interest to alrcraft designers. Thils problem has recently
become more Important with the use of low—aspect-ratlo wings to attain
efficlent high—speed flight because of the relatively large ratlos of
body diameter to wing span for these combinations, Therefore, a simple
but accurate procedure for predlcting the forces and momsnts mutually
induced by a wing and a body ls of conslderable interest.
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The investigatlon reported hereiln was Initiated to ascertaln the
effect of body size on the low—sgpeed aerodynemic forces and moments of
three wing—body combinations and of thelr components, and to evaluate the
adequacy of existing theories for the prediction of these forces and
moments, The method of potential flow 1s used in this report to calculate
upwash angles induced by the bodies in the viclnity of the wing. Since
the Welgsinger method ls easlly adapted to wings with arbitrary twist
distributions and has been shown to give a good representation of the span
load distribution (references 1 to 3), the Welssinger method (references 4
and 5) was selected for the calculation of loads induced by the body on
the wing. The Multhopp method (reference 6), which takes into account the
flow—-angle varlation along a body induced by the wing—flow fleld, is applied
herein for the prediction of the pitching moments of the bodies in the
presence of the wing. The amount of wing load carried over the bodies was
calculated by the Lennertz method (reference 7).
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local normal—Fforce coefficient

distence from body axis

wing span
bending moment gbout the beody axis
local chord b/2
Jaes
b /=

mean asrodynamic chord
b/2

f -b/2 ° %
average chord <i—w )

maximum diameter of body or maximum width of body
angle of wing incldence relative to the body axls

body length

pitching moment about the moment centers shown in
figures 1(a) and 1(b)

force normal to the body axis and in the vertical plane
of symmetry for the bodies and for the wing-body com—
blrations or force normal to the wing—chord plane for
the wing alone

free—stream dynsmic pressure

radius of body

maximum radius of body
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Sg maximum cross-—section area of body

Sy total wing area

X force parallel to the body axis

x longitudinal distance from body nose

¥y lateral distance from the vertical plane of
symmetry

z vertical distance from a lateral axis which lnter-
sects the body axls

a angle of attack

€ upwash angle relative to the free alr-stream direction
(positive for upwash)

8 angle measured in a plane normsl to the body axls
from the vertical plesmne of symmetry below the
body axis '

MODEL DESCRIPTION

The wing used in the investigation had an aspeot ratlio of 3, a taper
ratioc of 0.4, and a hexagonal section 4.5-percemt chord thick with roundéd
ridge lines. (See fig., 1{a).) ZEach of three gecmetrically similar bodies
of revolutlon was mounted on this wing with resulting ratios of maximm
body dlameter to wing span of 0.196, 0.259, and 0.343. As shown in
figure 1(b), the wing was in the horizontal plane of symmetry of the bodies
of revolution with the T5-percent—chord line of the wing colncident with
the midlength point of the bodles. For the tests in which the wing inci-
- dence was varled, the wing was rotated about a lateral axls passing

through a point at 41.4k percent of the mean aerodynamic chord of the wing.
The wing was alsc combined with a flat—sided body as shown in figure l(l?.
Photographs of the wing, of the medium-sized body, and of the wing-body
comblnation are shown in figure 2,

The bodies of revolutlon had fineness ratios of 12.5 and had contours
given by the followlng equation:

ren [2- (-2)]7
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This body shape has been derived by W. R, Sears and W. Haack and satls—
fies theoretical criteris for the minimum wave drag at supersonic speeds
for a body with a given length and volume. Coordinates for the three
bodies of revolution are given in table I. The dimensions of the wing
and of the bodies used in reducing the data to coefficlent form are pre—

gented In table II,
TEST PROCEIURE

The tests were conducted in one of the Amss T— by 1l0—foot wind tummels
at a dynamic pressure of 90 pounds per square foot; the Mach number was
0.25; and the Reynolds number was 1.75 mlillion based on the mean aero-—
dynamic chord of the wing. Measurements were made of the normal-force and
pitching-moment characteristics of the wing, of the three bodies of revo—
lution, of the wing in the presence of each of the bodies of revolution,
and of the wing combined wlth these bodles. The above aerodynamic charac—
teristice were measured for these wing-body combinations with the wing at
an angle of incidence relative to the body axls of 0°, 20, 4O, 69, 89, and
10°, The drag characteristics were measured for the wing, for the bodles,
end for the wing—body combinatlons,

The six—component balence system of the wind tumnel was used to
measure the forces and moments for the wing, for the bodles of revolution,
and for the wing combined with each of the bodles of revolution., For the
measurements of the forces and moments on the wing In the presence of the
bodies of revolution, the left wing panel was supported from within the
body by a three—component strain-gage system. A gap of about l/ll- inch
was required between the wing surface and the body to allow for deflectlon
of the strain gages. To prevent the flow of air through the gap between
the wing and the body, a seal consisting of a thin-walled rubber tube
£1lled with air was Inserted in the gap. Alr pressure in the tube was
maintained at a oonstant value throughout the tests. Callbration of the
strain gages with and without the seal indicated a mnegligible effect of
the seal on the callbration. Simultaneous measurements were made of the
forces and moments for the wing in the presence of the bodies of revolution
by the strain gages and for the wing-body combinations by the wind—tunnel
balsnce system, The forces and moments for the wing In the presence of
the Plat-sided body were evaluated from a mechanlcal integration of graphs

of the pressure—distribution data.

A reke consisting of five Keill-type yaw tubes was used to measure the
flow angles near the large body in the vicinity of the wing. The rake
also contalned several tubes for measuring the local dynamic pressure. To
avold the zone of influence of the strut, the flow angles were measured in
a lateral plsne 6.5 inches ahead of the center line of the model support

strut, which was located at 0.450L,

ca—
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CORRECTICNS

The aerodynamic effects due to the presence of the model—support
struts (strut tares) were measured by using an image-atrut system.
Strut tares measured in thils mammer for all angles of attack were applied
to all the data, Image struts for the medium-sized body and wing-body
combination are shown in figures 2(c) and 2(e). As no provision was made
to measure the tares with the wing at angles of incidence other than 0°,
the strut tares for the wing at an angle of incidence of 0° were applied
to the wing-body data for other angles of wing incldence,

No wind—tunnel-wall corrections were applled tc the data because the
corrections for wings mounted on large bodles or for large bodles supported
in rectangular wind tunnels have not been calculated. Application of known
wind—tunnel-wall corrections to the data for the wing would have reduced
the slopes of the normal-force and pitching-moment curves about 2 percent.

RESULTS ARD DISCUSSICN

In the dlscussion that follows, the experimentsl results for the
wing, for the bodles, for the wing in the presence of the bodles, and for
the wing-body combipnatione are presented and compared with the theoretical
results, The detalled procedure used for the application of existing
theorlies to calculate the normal-force coefficlent for the wing—body com—
bingtions 1s explained In the appendlces,

Wing

The measured normal-force and pltching-moment characteristics of the
wing are shown in figure 3. Shown in the same figure are the results for
the model wing predlcted by use of the Welssinger method presented in
reference 4, At small angles of attack the results in figure 3 indicate
that the predicted slopes of the normal—force and pltching-moment curves
are legs than the experimental slopes by about 3 and 10 percent, respec-
tively; however, both the experimental slopes would have been reduced by
about 2 percent had the wind—tumnel—wall correctlons been applied. Also,
at low angles of attack the predicted, aerodynamic center is within 1.5
percent of the mean aerodynamic chord of the experimental aerodynamic
center, The linear theory of Welssinger would not be expscted to account
for the rearward movement of the center of pressure because of the sepa—
ration of the air flow from the wing at the higher angles of attack,

e i ne



~ b

NACA BM A51G2k == . T

Bodies of Revolution

The experimental normal-force and plitching-moment coefflcients for
the three bodles of revolution are shown in figure 4(a) based on the body
geometry and in 4(b) based on the wing geometry. A direct comparison of
the experimental pitching-moment results for the three bodles cannot be
made in figure 4 because each of the bodles had a different moment center
as shown in figure 1(b). However, it was found that with the data of
figure 4 referred to the same moment center, the experimental moments for
the three bodies were in substantial agreement except for slight differ—
ences which may dbe attributed to inaccuracies in the strut tares, wind—
tunnel-wall effects, or model-scale effects.

The characteristics predicted by use of various methods for these
bodies are also shown in figure 4, Potential theory (reference 8) results
in an overestimate of the pitching moment as indicated in figure 4(a)
and glves zero normal force for a closed body. The method of reference 9
is shown to result in excellent correlation with the experlmental normal
forces but to overestimate the pltching moments., A revised method (refer—
ence 10), in which potential theory is consldered to apply only over a
forward portion of the body, results in the best agreement with the experi-—
mental pitching moments but in an underestimation of the normal forces.

Wing in the Presence of the Bodles

A body at an angle of attack induces a flow fleld which affects the
span load distribution of a wing mounted on the body. The upwash angles
induced by the body can be calculated from potential-flow conslderations
by the following equation which is derived in appendix A:

r2 z2_y2
€=—E- o cos 20 = 2 [__z___z Jq, (2)

(z2 + y2)2

The upwash angle given by the above equation is equal to the angle of
ettack at the intersectlion of the lateral plame of symmetry and the body
surface (6 =~3t/2). To evaluate the adequacy of potential theory for the
midwing position, measurements of the upwash angle were made at k1.4 per—
cent of the length of the large body for angles of attack of 40, 89, and
120, As shown in figure 5(a), the upwash angles were predicted with good
accuracy except close to the body at the high angles of attack. To ascer—
tain the validity of potential theory for calculating the upwash angles
for a wing mounted in higher or lower posltions, additional measurements

—
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of the upwash angles were made at an angle of attack of 8°. These results s
as shown in figure 5(b), indicate good agreement between the experimental
and the theoretical values except for the immer stations at the high posi~

tions,

As a first approximation for celoulating the induced load, the flow
field around the body might be considered independent of the flow field
around the wing. Following this assumption, the load induced by the body
along the exposed part of the wing span was calculated by the Welssinger
method. In the calculations the upwash angles induced by the body were
camputed from equation (2). In the application of the Weissinger method
some discretion was required to handle the discontinuous variation of
upwash angle along the wing span (€ = 0 across the body). The calculated.
load on the wing in the presence of the body was considered to oonsist of
the sum of the load induced by the body emd that part of the wing—alone
load on the exposed part of the wing (referemce k). The detalls of the
procedure used can be found In apperdix B. The wing loadlngs calculated
by this procedure for the three wing-body combinstions are presented in
figure 6. To indicate the amount of the total load theoretically induced
by the body, the calculated load for the wing with no body induction is
also included in figure 6, i

Shown in figure T(a) are the experimental and calculated normal—force
characteristics for the wing mounted meparately in the presence of each
of the three bodies of revolution (no body forces inoluded in these wing
normal forces). The importance of considering the load induced on the
wing by the body is Indiocated in figure 7 by the improved correlation
between the experimental and theoretical results.

The bending-moment coefficients for the wing in the presence of each
of the bodies are shown in figure T(b). The agreement between experiment
and Welssinger's theory with body induction effects included indicates
that the theory provides a reasonable estimate of the spanwise distribution
of load., This result is also indicated by the data glven In figure 8(a)
for the same wing mownted on a relatively flat—sided body. It should be
noted that the wing was mounted below the center of the flat—sided body;
therefore, the calculated body inductlon effects are small. (See
fig. 5(b).) In the upper part of figure 8(a) are shown the calculated
upwash angles for an "equivalent" body of revolution having the same cross—
gectional area as the flat-slded body. With the load induced by the body
taken Into account, the predicted loading coefficlents are in excellent
agreement with the experimental values as shown 1ln the lower part of
figure 8(a), This result is also indicated by the normel-force and
bending-moment characteristics (shown in fig. 8(b)) which were calculated

from the loading curves for the wing.

e
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Wing Combined With the Bodises of Revolution

For the prediction of the forces and moments of wing—body com—
binations, the effect of the mutuasl interaction between the wing and the
body should be considered. One important part of this analysis lnvolves
the calculation of the amount of wing load carried over the body. This
problem of load carry-over was first investigated by Dr. Lennertz who con—
sidered an idealized wing-body combination having a spanwlse distribution
of ciroculation to satisfy the condition for minimum induced drag (refer—
ence 7). Dr. Lennertz calculated the simplified case for which the lifting
line and the body axis intersect and a cylindrical body is assumed to
extend to infinity in front of and behind the wing. The results of his
calculations for wing load carry—over as & function of cylinder-diameter
to wing—span ratio are presented in figure 9. To indlcate the adequacy
of his simplified theory, the experimental points from the present inves—
tigation are also shown in figure 9. Lennertz's analysls applles to an
infinite cylinder which has no 1ift at an angle of attack; whereas the
bodies of this investigation had 1ift at an angle of attack. In order to
eliminate this difference the measurements considered 1n the comparison
were those for the bodies at 0° and the wing incldence variable. The good
agreement between the predicted values for 1,=0 and measured values for
a=0 indicates that (1) Lemnertz's results for wings combined with infinitely
long cylinders are applicable to wings wlth nearly elliptic span loadings
combined with long slender bodlies, and (2) approximately the same percent—
age of load is carried from a low-aspect-ratlo wing onto a body with the
angle-of-incidence constant and the angle-of-attack variable as wilth the
angle-of—incidence variable and the angle—of-attack constant.

The experimental and theoretical normal~force characteristics for
each of the three wing-body combinations are presented In figure 10(a).
The predicted values in this figure were computed by adding the normal
forces on the body in the presence of the wing to the product of the cal—
culated normal forces for the wing in the presence of the body times the
Lennertz carry—over factor given in figure 3. The details of the procedure
followed for calculating the normal—force coefficlents on the wlng-body
combinations are given in appendix B. This method gave good agreement wlth
the experimental normal forces for the wing combined with either of the two
smallest bodles, but slightly overestimated the normal forces for the larg—

est body.

The experimental pitching-moment results for each of the three wing—
body combinations are presented as coefficients based upon the body geom—
etry in figure 10(b) and based upon the wing geometry in figure 10(0%

The estimated pitching-moment characteristics, also presented in flg—
ure 10(b), were calculated by adding the pitching moments given by the
Multhopp method for a body in the presence of a wing to the experimental
pitching moments for the wing. Thls procedure was followed as no method

ome— o
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is available for calculating the rearward movement of the center of pres—
sure with angle of attack which is characteristic of thin wings, At small
angles of attack, the use of the wing pltching moments from the Weissinger
method in place of the experimsntal pitching moments would have given about
the same predicted slopes as those presented in Ffigure 10(b). The experi-
mental plitching-moment results for the wing are also included in fig—

ure 10(b) to indicate the contribution of the wing to the predicted results.
At small angles of atbtack good agreement 1s shown between the experimental
pltching-moment coefficients and the estimated coefficients for the three
wing-body combinations. At the higher angles of attack the predicted
values and experimental results tend to deviate, probably because of a
difference in the separation of air flow from the wing mounted on the body
as compared to the separation from the isolated wing.

To give a further evaluation of the predicted stablllty character—
istics, the aerodynamic—center locations calculated from the slopes at
zero angle of attack of the curves in figure 10 are glven in figure 1l as
a function of the diamster~to-span ratlio, As the dismeter—to-gpan ratio
increased, the difference between the experimentel and theoretical
aerodynamic—center locatlons varled from less than 1 percent of the mean
asrodynamic chord for the smallest body to about 9 percent for the largest

body.

In figure 12 are shown the measured longltudlnal-force and drag
characteristics of the wilng, of the three bodises of revolution, and of
the three wing-body comblimnations, For the bodles the longltudlnal-force
coefficient was relatively constant, except above an angle of attack of
about 12°, which indicates that the force resulting from an angle—of-attack
change was approximately normal to the wing-—chord plane., This result 1s
also indicated for the wing and for the large body by the good agreement
between the experimental drag coefficlents and the predicted drag coeffi-—
cients. The predicted drag coefficlents were computed by adding to the
experimental minimum—drag coefficlent the product of the experimental
normal force and the sine of thse angle of atttck,

Effect of Wing Incidence Changes

The effect of changing the wing incidence on the normal-force and
pltching-moment characterlstics of the wing comblned with each of the
bodiss of revolution 1s shown in figure 13. One method of predicting the
effect of changing the angle of incidence (at an angle of attack of 0°)
on the normal-force coefficlents for wing-body combinations involves multi-—
plying the normal forces acting on the exposed part of the wing, as pre-—
iicted by use of the Welssinger theory, by the Lemmertz carry—over factor
given in Pigure 9. As shown 1n filgure 13(c), this method is substantiated
by the good agreement between the predicted and experimental results,.

SRINEEETT:.,
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The effect of a change in the angle of wing incidence on the aero—
dynsmic charscteristics of the wing in the presence of each of the bodies
of revolution is shown in figure 1k, With the angle of attack 0°, the use
of the Weilssinger theory again results in good predictions for the normal—
force and bending-moment coefficients produced by a change in the angle of
incidence as shown in figures 14(d) and 14(e), respectively.

For either of the above cases ln which the incldence of the wing was
varied with the bodles held at an angle of attack of 0°, the assumption
was made that the forces induced on the wing by the body as a result of
the wing changing the flow around the body were insignificant. The good
agreement between the predicted and the experimental values indicate that
the neglect of this secondary induced effect was Justified.’

CONCLUSIONS

The experimental resulte cobtalned at a Mach number of 0.25 for a thin
wing of aspect ratio 3.0 comblned with each of several bodlies to give
diameter~to—span ratios from 0.196 to 0.343 have been presented. Compari—
sons made between the experimental and the predicted results indicated the
followlng:

1. Good agreement between the experlimental and the predlcted forces
and moments was obtained by including the effects of veloclties mutually
induced by the wing and the body in the theoretical analiysis.

2. At an angle of attack of 8° the upwash angles were accurately
predicted, by use of potentlal theory for a clrculaer cylinder, In a verti-—
cal plane near the midlength of the body except at span stations close to
the body at poslitions well above the body.

3. The normal forces and bending moments on the wing 1n the presence
of the bodles were accurately predicted by addlng the forces and moments -
produced by a change in angle of attack, calculated by the Welssinger
method, to the forces and bending moments induced by the body.

4., The normal forces on the wing-body combinations with the wing
incidence fixed were accurately predicted by adding the body forces on the
part of the body ahead of the wing to the product of forces on the wing
in the presence of the body times the Lemnertz carry—over factor.

5. The predicted pitching moments for the wing-body combinations
were 1n good agreement with the experimental values at small angles of
attack. For these predictions, the pitching moments for the body in the
presence of the wing were calculated by the Multhopp method and added

"SR
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to the experimental wing pitching moments because no method was available
for estimating the nonlinear characteristics of the wing pitohing-moment
curve at the higher angles of attack,

6. The difference between the experimental and predicted location
for the aerodynamic center varied from less than 1 percent.of the mean
aerodynamic chord for the wing combined with the smallest body to about
9 percent for the wing combined with the largest body.

7. For estlmating the forces on the wing—body combinations with the
body at an angle of attack of 0° and the wing~incidence variable, good
predictions were obtalned by multiplying the forces on the wing in the
Presence of the body by the Lemnertz carry—over factor,

8. . The forces and bending moments on the wing in the presence of
the bodies as produced by an angle—of-incidence change with the body &t
an angle of attack of 0° were satlefactorlily predicted by utilizing the
Welssinger method and neglecting any secondary induction effects from the

body.

Ames Aeronautical Laboratory,
National Advisory Committee for Aercnautics,
Moffett Fleld, Calif,
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APPENDIX A

UPWASH ANGLE INDUCED BY A BODY OF REVOLUTION

The derivation of the equation for calculating the upwash angles
around a body of revolution is as follows:

Assume that the flow normsl to the body axis is analogous to the flow
around a circular cylinder in a perfect fluild with a velocity equal to the
free—gtream velocity times the sine of the angle of attack (U=V, sin a).

Each cross section of the body may then be replaced by a doublet. For a
doublet, the velocity components at any polnt are expressed in the equa—
tions given by Glauert (reference 11).

-T (l——:;)cose (A1)

T <1+-§§> sin 6 (22)

!

vl

where

u! radisl velocity component
v? circumferential velocity component '

U free—stream veloclty component normal to the body axism
(U=V, sin a)

o free-stream veloclty
r radius of body
a,8 polar coordinastes

The vertical vsloclty component, perpendicular to the free—streanm
veloclty, induced by the body is

w=cosa (~u'cos 6 +7v!'sing -V sina) (43)
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From the relation tan e = w/V, and from the assumption that for
amall angles cos @ =1, sinoa ®q and tan ¢ & €, then by substituting
equations (Al) and (A2) in equation (A3) the equation for the upwash
angle becomes

2 .
e=-§—5a, cos 26 (AL)
or in rectangular coordinates
2 _ g2
e=—r2[—-z—%]m (AS)
(22 + y2)
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APPENDIX B
METHODS USED FOR CALCULATING THE NORMAI~FORCE COEFFICIENTS

ON THE WING-BODY COMBINATIONS

The procedure followed for calculating the normal forces acting on
the wing-body combinations 1s as follows:

1., The upwash angles induced by the bodles were calculated from
equation (A4) at wing—span stations y =r, y = 0.383(b/2),
y = 0,707(b/2), 3 = 0.924(b/2).

2. A speclal application of the Welssinger method was required to
give a close approximation to the load induced by the body from the dis—

continuous distribution of € shown in the sketch:

el .~“------1--
0 1.0
e 2

b/2

-
b/2

\
Y

For the first part of the calculation, the upwash angle in the vertical
plane of symmetry was assumed to be equal to the computed upwash angle at
the wing-body intersection. The dimensionless circulation factors (Gn)
were evaluated by solving the following simultaneous equations of the

Weissinger method (reference 4):

——ic,
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€1 = 83 162 + @1 Gpo + a3 gls + 81 Gy 1

€2 = ap 161 + ap Lo + ap gGg + az (G4 & (31)
BL
€ = 8, 101 + 84 L2 + a4 0g + 84 4G4 %
7
where
€, upwash angle at y = 0.924(b/2), radians
€, upwash angle at y = 0.707(b/2), radians ]
€5 upwash angle at y = 0.383(b/2), radians
€, upwash angle at y = O equal to that at y = r
8on Influence coefficient based upon the fu.i- oo
span geometry (from reference L)
Gp unknown dimensionless circulation at span. lge station n -
Subscript
v,n integers defining specific span station
The loading coefficlents were computed from the relation
c,c
o = 2AGy, (B2)
avs/np

where
A aspect ratio based upon the full wing span and wing area

c local 1ift coefficlent

1
Tt is necessary to subtract from the above calculated loading coeffi—

clents the portion of these coefficients induced from the assumed distri—

bution of upwash angle over the body (€, = eat y = r). At the suggestion

of Mr. John DeYoung of the Ames Aeronautical Iaboratory, the coefficients

to be subtracted were calculated by assumlng the portion of the wing -

blanketed by the body to be replaced by a 100—percent-chord flap having a

deflection equal to € The flap loading coefficlents were obtained by

.o

4°
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interpolation from the flap loading curves presented 1in reference 5.
total loading coefficients induced by the body are shown in the sketch:

17

The

For assumed upwash distribution

Total induced by the body

For the 1nboard flap

l l.o

: - —

3. The total loading coefficients for the wing in the presence of the

body were calculated by adding the total loading coefficient induced by
the body on the wing (derived as in paragraph 2) to the loading coeffi-

clents for the full-span wing as given In reference 4, This adiition is
represented in the sketch:

CIC

av

Total acting on the wing in the
presence of the body

// Total induced by the body

Y, Wing (reference 4)

>\

Body

xr .0

- R :
b/2 >
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The total normal-force coefficient acting on the wing in 'bhe presence of
the body was then calculated by the Integration:

1.0 c,C
w-mz fa (a0) () o
cos a total acting on wing

in presence of body

k., In the calculations for the body in the presence of the wing the
normal force of the body behind the wing was assumed to be zero, since the
resultant flow ls nearly parallel to the body axls, The normal force on
the body ahead of the wing, wlith potentlal flow assumed, can be shown to
-be dependent only upon the flow angle at the wing leading edge and the body
crogs—-gectional areas at the intersection of the wing leading edge and the
body. In reference 6 -1t is shown that the 1ift on a body in the presence

" of a wing 1s
* al
= & a4y = 2¢BS (Bk)
Ly ﬁ ax aB
where
Ly total 1ift on body from body nose to x
1 local 1ift on body

x longltudingl dlstance from body nose

S crogs—sectlonal ares of body at x
de
flow angle <l+-— o
de
o rate of change of upwash angle with angle of attack at
x from the followlng equation for an elementary swept horse—
gshos vortex assumed to be at the 25—percent—chord line of the
wing
ay™ 2_, J [T = (1-n) tan A% + (1n)2
T hxA 1= T(1—n)
J It — (I-n) ten AJ2 4 (I4m)2 .

(L+q) (T + 29 tan A)

2 tan A .[('r+ntanA)2+n2 } (85)
T(T+2n tan A )
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where
CLm wing lift—curve slope per radian

1 latersl distance <%%é- from wing root chord
T longitudinal distance (ﬁg from a point on the bound

vortex (x being negative for distances ahead of the bound
vortex)

Therefore for the method used herein, with values of x, B, and S at the
intersection of the wing leading edge and the body surface, it follows
that :

28381
%) = (B6)
body in Sywcos a
presence
of wing

where subscript 1 denotes values at the Intersectlion of the wing leading
edge and the body surface.

The normal—force coefficlent for the wing-body combination was cal-—
culated by adding the normal-force coefflclent for the body in the pre—
gence of the wing to the product of the Lemertz carry-over factor times
the normel-—force coefficlent for the wlng in the presence of the body.
This addition is represented as follows: ’

28381 1 10 /c.c
o, - s ==L d(_-'f_g]
Sy cos @ 008 avi7z “Cav” total acting on wing b/

in presence of body

[Iennertz‘s carryhover}

factor, fig. 9 (B7)
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TABLE T

COORDINATES FOR THE BODIES OF REVOLUTION

X Smell-body Medlum—body ILarge—body
L radii (in.) radii (in.) radii (in,)
0 0 0 0
.025 .72 .95 1.26
.050 1.18 1.57 2.07
075 1.57 2.08 2.75
.100 1.91 2.53 3.42
.150 2.48 3.28 4 .34
.200 2,94 3.89 5.15
250 3.31 L .38 5.80
.300 3.61 k77 6.31
.350 3.83 5.07 6.71
100 3.99 5.28. 6.98
450 k.08 5.40 T.14
.500 h,13 5.44 7.20

1Each body is symmetrical about a plane perpendicular to
the axis at 0.5L.

TABLE IT

DIMENSIONS OF THE WING AND OF THE BODIES

S, or S cor L
Model (gq ft)B (£5)
Wing L.,091 1.2k
Small body .369 8.57
Medium body 6L6 11.33
Large body 1.132 14,99
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(a) Wing.

Figure [.— Dimensions of models.
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(a) Wing.

Figure 2.— The wing, the medium~sized body of revolution, and
the wing-body combination mounted in one of the Ames
T— by 1l0—foot wind tumnels,



(b) Body on onme strut,

Flgure 2.~ Contlnued .

(¢) Body with image strut.
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Flgure 2.~ Concluded.
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body induction (ref 4 55)
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Figure 7—- Comparison between expetimental and Iheoretical aerodynamic characlerislics
of the wing in the presence of the bodies of revolution.
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—o— Experimental wing-body = Multhopp's theory for body + (Weissinger's theery for wing in prasance of body
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Flgure 10— Comparison between experimental and theoretical aerodynamic characteristics of the

wing-body combinations.
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(c) ¢ vs a
Figure 14— Continued.
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